ABSTRACT This cases series describes the profile of adult patients with acute promyelocytic leukaemia (APL) at a referral hospital in Qatar. Of 34 acute myeloid leukaemia (AML) cases diagnosed, 11 (32%) were classified as APL. Disseminated intravascular coagulation was common at presentation (91%). Severe thrombocytopenia was seen in 73%, leukocytosis in 55% and severe anaemia in 45%. Only 2 patients were of the classic hypergranular type. In the remaining 9 patients, 3 morphological subtypes were recognized: microgranular variant (6 patients), hyperbasophilic (2 patients) and regular nuclear outline M3r (1 patient). Translocation t(15;17) was detected in 63% of cases. APL constitutes a high proportion of AML cases in Qatar, with considerable morphological heterogeneity and a predominance of APL variants with unfavourable presenting features. 
Introduction
Acute promyelocytic leukaemia (APL) is a subtype of acute myeloid leukaemia (AML) that has unique morphological, cytogenetic and molecular features [1] . These include a potentially devastating coagulopathy, which carries a high risk of mortality [2] , and sensitivity to retinoid-differentiating agents including all-trans-retinoic acid (ATRA) [3] . The use of ATRA, together with conventional chemotherapy, has substantially increased the number of patients who can be cured of APL. The impressive improvement in treatment outcomes observed with ATRA is, at least in part, due to the rapid correction of the coagulopathy, implying that the administration of the drug must occur at the beginning of treatment [4] . Thus, rapid diagnosis of APL is critical for treatment decisions since ATRA must be given promptly.
Unequivocal diagnosis of APL can only be established by cytogenetic or molecular genetic studies. However, these highly specialized techniques take some days to be performed and are usually restricted to specialized haematology laboratories. Thus from a practical point of view morphology, cytochemistry and immunophenotyping are still important tools for rapid recognition of APL.
The great majority of APL cases with the t(15;17) translocation are of the classic hypergranular M3 type and the microgranular (hypogranular) variant M3v, as described in the FrenchAmerican-British (FAB) classification [5, 6] . Other morphological subtypes of APL have been reported: for example, hyperbasophilic [7] , M1- and M2-like [8] and regular nuclear outline M3r [1] . While in the majority of classic APL cases the immunophenotypic pattern is distinctive, the features of the variant cases are more heterogeneous and nonspecific [9] . This case series is the first report from Qatar addressing the clinical-pathological profile of patients with APL.
Methods

Patients
All adult patients admitted to Al-Amal Hospital, the haematology/oncology centre of Hamad Medical Corporate in Qatar, and diagnosed with APL over the period January 2006 to May 2008 were included. Diagnosis of AML was established by combined morphological examination, immunophenotyping and cytogenetic studies.
Clinical evaluation
The medical records of the patients were reviewed for clinical manifestations of AML and results of laboratory tests. Complete and differential blood counts, full baseline biochemical profile, serum electrolytes, urea and creatinine, liver profile and coagulation screening profiles were done on all patients at presentation.
Morphologic evaluation
In 10 patients both peripheral smear and bone marrow aspirates (stained with Wright stain) were available, while in 1 patient diagnosis was based on the peripheral blood flow cytometry immunophenotyping as the patient died before there was time to perform bonemarrow aspiration. Differential counts of 100 cells on the peripheral smear and 500 cells on the bone marrow smear were performed. Final morphological subtype was determined by consensus between 2 haematopathologists.
Cytogenetic analysis
Cytogenetic analysis was performed on 10 of the 11 patients. Karyotypes were classified according to the International System for Human Cytogenetic Nomenclature (ISCN) [10] .
Flow cytometry immunophenotypic methods
Bone marrow samples in 10 patients and peripheral blood in 1 patient were studied by flow cytometry using a panel of 19 monoclonal antibodies directly conjugated with fluorochrome.
A 3-colour flow cytometry analysis was performed on bone marrow aspirate/peripheral blood samples collected in EDTA tubes. After incubation of cells with monoclonal antibodies for 15 minutes at room temperature, the red blood cells were lysed with cyclic amine reagent (VersaLyse) for 10 minutes, followed by washing steps using phosphate-buffered saline solution. The cells were resuspended in phosphatebuffered saline. All samples were analysed with a FC500 flow cytometer (Beckman Coulter) equipped with an argon-ion laser with a wavelength of 488 nm, by collecting at least 10 000 ungated listmode events per tube. The cytometer was set up using standard operation procedures, and quality control was performed using the manufacturer's methods for calibration and compensation. Gating was based on the CD45 expression and side scatter. CXP software (Beckman Coulter) was used for data acquisition and analysis.
Cells were classified as positive for a given marker when the expression (fluorescence intensity) was greater than that of a negative (isotypic) control. Intensity of fluorescence was semi-quantitatively estimated as dim, moderate and high, based on the population position on the fluorescence scale. Antigen expression was considered to be homogenous if the distribution of the cells occupied up to 1 logarithmic decade on the scale of the fluorescence intensity, otherwise it was considered heterogeneous [11] .
Results
Of the 34 patients diagnosed as AML between January 2006 and May 2008, 11 (32%) were diagnosed with APL and were included in the study. Of these, 7 were men (1 Qatari and 6 non-Qatari) and 4 were women (1 Qatari and 3 non-Qatari). Their ages ranged from 16 years to 46 years,with a median age at presentation of 34.5 years.
Clinical and laboratory features
Of these 11 patients, 10 (91%) p r e s e n t e d w i t h d i s s e m i n a t e d intravascular coagulation (DIC) according to the ISCN criteria [12] (Table 1) . Gum bleeding, ecchymosis and symptomatic anaemia were presenting symptoms in 7 (63%) patients, and haemoptysis, pulmonary haemorrhage and infection were found on diagnosis in 2 (18%) patients; only 1 patient (9%) had epistaxis on presentation and 1 presented with abdominal pain. None of the patients had organomegaly.
Severe thrombocytopenia (< 30 × 10 9 /L) was seen in 8 patients (73%). Leukocytosis (> 10 × 10 9 /L) was noted in 6 patients (55%) and 5 (45%) were severely anaemic at presentation. Pancytopenia was noted in 4 patients (36%). In all, leukaemia promyelocytes were present in the peripheral blood (Table 1) .
Only 2 patients (18%) were classified as M3c, classic hypergranular APL, while 9 patients (82%) had APL variants ( Table  2) .
The classic APL patients (patient nos. 1 and 2) presented with pancytopenia. The majority of the promyelocytes in the marrow were hypergranular; however, some hypogranular and agranular promyelocytes were also noted. Nuclear folding or convolution were frequently noted. Occasional faggot cells were seen in 1 patient (patient no. 1) ( Figure 1A ). 
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In the 9 APL variant patients, 3 morphological categories were recognized. Microgranular variants M3v, as described by the French-AmericanBritish Co-operative Group [6] were recognized in 6 patients, with more than 50% of cells having agranular or hypogranular cytoplasm, with prominent nuclear folding. Bilobed cells were noted in 4 (patient nos. 3, 4, 6 and 8). Faggot cells were seen in 6 patients and were frequent in 1 of them (patient no. 3) ( Figure 1B) . In patients no. 9 and 10 the predominant cells were small in size with high nuclear-cytoplasmic ratio, deeply basophilic cytoplasm and showing prominent cytoplasmic blebs and projections, mostly agranular. Nuclear folding was also prominent with some bilobed cells and faggot cells noted in patient no. 9. These 2 cases correspond to the hyperbasophilic variant M3b of McKenna et al. [7] ( Figure 1C ). In the last patient (patient no. 11), a majority of the marrow promyelocytes (86%) had regular, round or oval nuclei, hypergranularity was frequent (40%) and faggot cells were occasionally noted, and APL was morphologically similar to the M3r regular variant reported by Sainty et al.
[1] ( Figure 1D ).
Cytogenetic analysis
Out of the 10 patients analysed, 5 were positive for the t(15;17) translocation, 1 classic case (patient no. 2), 2 with M3-variant (patients no. 4 and 5) and 2 with hyperbasophilic APL. Additional cytogenetic abnormalities were noted in 2 cases (patients no. 2 and 5) ( Table  2 ). In 3 cases the translocation was not detected and reported as normal karyotype. The marrow failed to culture in 2 patients. 
Immunophenotyping
The expression pattern of the selected markers studied by flow cytometry analysis and their correlation with the morphological subtypes are summarized in Table 3 . On side-scatter versus CD45 leukaemic cells in the classic hypergranular patient displayed primarily high sidescatter (Figure 2A) . In contrast, 8 of the 9 M3-variant patients (89%), the cells displayed less side-scatter and generally fell in the area closer to the blast region ( Figure 2B ). Myeloperoxidase (MPO) protein and CD33 were consistently expressed in all the cases (100%) regardless of the subtype. CD33 expression was homogenous in 10 patients (91%) and heterogeneous in 1 patient (patient no. 5). CD13 was positive in 10 patients (91%) and CD117 in 9 patients (82%). CD13 expression was heterogeneous in all the positive patients, CD34 was positive in 4 patients (36%); all were of the variant type (patients no. 3, 6, 9 and 10). Each of CD14 and CD15 was positive in 2 patients (18%). CD64 was positive in 6 out of the 8 cases where it was done (75%); 1 of them (patient no. 2) coexpressed CD14 as well. The human leukocyte antigen DR (HLA-DR) molecule was expressed in 1 case (patient no. 9) and CD7 in 1 case (patient no. 10).
TdT, CD3, CD19, CD10, CD5, CD20, CD79 and CD22 were negative in all the cases.
Discussion
The methods used for the diagnosis and classification of acute leukaemias include morphology, cytochemistry, immunophenotyping, cytogenetic and molecular genetics [13] . For treatment purposes, once the separation between myeloid and lymphoid leukaemias has been solved, the most important definition is if a given case of acute myeloid leukaemia could be sub-classified as ‫املتوسط‬ ‫لرشق‬ ‫الصحية‬ ‫املجلة‬ ‫عرش‬ ‫السادس‬ ‫املجلد‬ ‫التاسع‬ ‫العدد‬ APL, since this subtype benefits from treatment with ATRA. Although the use of morphology for initial diagnosis sounds appealing, there are some problems when only this method is used. In the recovery phase from acute agranulocytosis, for example, the bone marrow may be replenished with promyelocytes, displaying a picture similar to classic APL [14] . Microgranular APL may also be confused with other subtypes of AML, mainly acute monocytic leukaemias [15] . Furthermore some groups have described other morphological subtypes of APL in addition to the classic and microgranular forms-such as the hyperbasophilic, the M1-like and M2-likethat display a morphological picture quite different from classic APL and are difficult to distinguish from M7, M1 and M2 AML respectively [7, 8] .
963
Although our series included a small number of cases, it seems that APL is a common subtype (32%) among AML cases in Qatar, higher than the frequency of 5%-10% reported from other countries [16, 17] and the frequency of 17% from Saudi Arabia in a series including both Saudi and nonSaudi patients [18] and 10% in Omani patients [19] . A higher frequency of APL has been noted in certain ethnic groups such as Latin American and Spanish populations, which have a significantly higher frequency of the PML/RARα gene [caused by fusion of the promyelocytic leukaemia (PML) gene and the gene encoding the retinoic acid receptor-α (RARα), which may suggest a possible influence of genetic and/or environmental factors [20] . In our series 82% of patients were nonQatari, and were of several different nationalities, which makes the possibility of a link to a genetic factor rather unlikely and this high frequency needs to be verified on a larger series over a longer period.
The other interesting finding was the predominance of the variant APL which we found in 82% of our patients in contrast to the wellknown notion that variant APL cases account for only about 15%-20% of all APL in adults [1, 2] . This would explain the high frequency of high white blood cell count (55%), severe thrombo cytopenia (73%) and DIC (91%), features reported to be more commonly encountered in variant APL cases and all of which have been shown to be unfavourable prognostic factors [21] .
Immunophenotypic studies have unveiled a characteristic pattern in classic APL compared with other subtypes of AML, which includes expression of MPO, CD33, CD13 and lack of . This distinctive pattern was also displayed by the promyelocytes in our patients with classic APL morphology. On the other hand the pattern in variant APL has been reported to be more heterogeneous, with a higher percentage of cells expressing the T-cell antigen CD2, stem cell marker CD34 CD14 was expressed in 1 M3v patient and CD64 in 5 out of the 6 variant patients tested (3 M3v, 1 hyperbasophilic and 1 M3r types). Both of these are monocytic markers which add to the difficulty in recognizing M3v APL as it might simulate monocytic leukaemia, not only morphologically but immunophenotypically as well.
The t(15;17) translocation yielding the PML-RARα fusion gene is the diagnostic hallmark of APL. This translocation can be detected by conventional cytogenetic techniques in about 90% of cases. In the majority of cases lacking the t(15;17) translocation, PML-RARα gene rearrangement can be detected by molecular analysis created by insertion or more complex rearrangements. Such mechanisms occur in approximately 4% and 2% of APL cases respectively. In a minority of APL cases other rearrangements of genes were reported, whereby the RARα gene is fused to the promyelo cytic leukaemia zinc finger (PLZF) gene in about 0.8% of cases and less commonly to nucleophosmin (NPM), nuclear matrix associated (NuMA) and signal transducer and activator of transcription 5b (STAT5b) genes [23] . Many of the cases with the latter molecular defects show clinical and cytological differences from the M3/M3v subtypes of AML, and the designation "M3-like" has been suggested [24] . In common with PML-RARa-associated APL, patients with fusion genes involving NPM and NuMA appear to be sensitive to ATRA. In contrast, APL with PLZF/RARa or STAT5b/RARa rearrangements are typified by a lack of response to retinoids.
In this series classic t(15;17) was demonstrated in 5 out of the 8 APL variant cases analysed (63%). Analysis of 3 cases revealed a normal karyotype. Whether the lower than expected rate of t(15;17) expression is another unique feature of APL in Qatar, like the morphological diversity, or whether it is a chance finding needs to be verified on a larger number of cases.
In conclusion, APL seems to constitute a major proportion of AML cases in Qatar, with significant morphological heterogeneity and predominance of variant APL cases with unfavourable presenting features. The impact of these findings on patient outcomes is being evaluated and will be reported.
The heterogeneous pattern and limitations of flow cytometry in diagnosing APL variants, as confirmed in this study, emphasize the importance of a careful morphological evaluation with good awareness of the cytological spectrum of APL, especially in this country where t(15;17) is not frequently detected.
The study also highlighted the importance of more sensitive approaches to APL diagnosis, such as interphase FISH [fluorescent in situ hybridization] reverse transcriptase (RT)-PCR molecular analysis or the interesting option for a rapid and accurate diagnosis of APL by immunostaining assays with anti-PML antibodies to detect the characteristic microparticulate nuclear pattern of the PML protein. The latter may be an important tool for identifying cytologically atypical APL cases and in monitoring patients for minimal residual disease, particularly in our institution where genetic tests for acute leukaemias are not yet routinely available.
